The depletion of catecholamine in the brain, heart, adrenal medulla and other sym pathetically innervated tissues by acutely administered-reserpine has been demonstrated by Hillarp (1), Holzbauer and Vogt (2), Kroneberg and Schumann (3) and Mirkin (4). The depletion of the level of the amine in the adrenal medulla during insulin hypo glycemia in cat (5) and rat (6, 7), by administration of eserine in rat (8) and by re peated administration of acetylcholine in cat (9, 10) was already confirmed. Similar de pletion of the amine in the adrenal medulla of eviscerated cat by stimulation of splanchnic nerve was shown by West (11) and Holland and Schumann (12) . The loss of the amine from the adrenal medulla by a single dose of reserpine has been attributable mainly to stimulation in the central nervous system which was conducted to the organ by way of the splanchnic nerve ; because spinal section at T2 (13) or severance of splanchnic nerve (3) markedly diminished the effect in rat and cat .
central stimulants on the content of catecholamine in the hypothalamus, and in the innervated and denervated adrenal gland of cat and dog. Among the drugs tested , in sulin, morphine and beta-tetrahydronaphthylamine proved to deplete effectively the amine in the hypothalamus and in the innervated adrenal gland. There was also an excellent correlation between the loss of hypothalamic amine and the stimulation of sympathetic center resulting in a loss of the amine in the innervated adrenal gland. In this laboratory Shimamoto and Torii (16) studied the effects of intravenous and intracarotid injections of reserpine on the hypothalamic pressor response and on behavior in rabbit . They obtained the evidence that though the intravenous injection of reserpine revealed a marked depression of the hypothalamic pressor response and a usual sedation, the in tracarotid injection did not reveal any effect. In relation to their results, this series of experiments was attempted to study the effects of intravenous and intracarotid injec tions of reserpine on the content of catecholamine in the brain, heart and adrenal gland of rabbits. METHODS 
1)
Extraction of noradrenaline and adrenaline from the tissues Rabbits weighing 1.5-2.5 kg were used in this series of experiments,. irrespective of sex. The brain, heart and adrenal gland were removed immediately after the animal had been killed through hemorrhage by cutting both carotid arteries. The tissues for test were removed and weighed. Extract of the amines was prepared by homogenizing the tissues in 15 ml of cold 0.4 N-HC10, by use of a Potter-Elvehjem's homogenizer. The HC1O,-homogenates were centrifuged at 3,000 to 3,500 rpm for 15 minutes after they had been left at 0°C for two hours or more. The sediment thus obtained was washed two times with 10 ml of 0.4 N-HC10, and centrifuged at each time. All the supernatants were collected together and served for the adsorptions of adrenaline and noradrenalin'e on ion exchange resin. For adjustment of pH, 0.2 ml of 0.05% bromcresol green solu tion and, for prevention of destruction of catecholamine, 0.1 ml of 2% ascorbic acid so lution were added to the supernatant. Then, pH of the supernatant was adjusted 'to 4 with 5 N-K2CO, under stirring magnetically. The precipitate of KCIO, produced during the neutralization was filtrated off by aspiration. According to the method of Bertler (17) , the filtrate was poured into the column of Dowex-50 W to adsorb adrenaline and nor adrenaline. After flowing-out of all filtrate, the column was. washed two times with 10 ml of distilled water. The amine adsorbed in the resin column was eluated with 8 ml of 1 N-HCI. The volume of eluates was adjusted to 10 ml with addition of distilled water.
2) Fluorimetric estimation of adrenaline and noradrenaline
Following the method of von Euler and Floding (18) , the content of adrenaline and nor adrenaline in these eluates was measured fluorimetrically. The fluorophotometer used in this experiment was "Reflecting Micro-Fluorophotometer Type MR (Shimadzu-Kotaki)". Primary filters were UV-V1 (375 mgt max.) and UV-V2 (402 m,u max.), and the secondary filter set was UV-O1+FL-B2 (537 m,a max.). 
4) Recovery test
The HC1O4-homogenates of the whole brain (excluding cerebellum), atrium and adrenal gland were divided into half, respectively. 0.5 pg of noradrenaline was added to each half of brain or heart homogenate , and 50 pa of adrenaline was added to one half of the homogenate of the adrenal gland . The content of noradrenaline or adrenaline in the eluate was estimated fluorimetrically . The results are shown in Table 3 . The mean recovery in percentage of added amounts was 88 .3--F4.53% for the whole brain, 87.6±1.96% for the arium and 88.0 --t2.0% for the adrenal gland. 
5) Normal content of noradrenaline in the brain
The whole brain was divided anatomically into the brain cortex and brain stem after it had been isolated. The brain stem was further divided into the posterior and anterior parts at the rostral end of the quadrigeminal body. The V2/V, of the fluori metric value of extract of the whole brain was 63.6±2.05%, and was very close to V2/Vi of noradrenaline, so that all the amines thus obtained were described as noradrenaline.
The noradrenaline contents in the whole brain in twelve rabbits are shown in Table   4 . The mean content of noradrenaline was 0.252±0.037 ,ug/g wet weight. In Table 5 , the content of noradrenaline in the brain cortex is shown. The mean content of nor adrenaline was 0.197±0.032 pg/g wet weight. In Table 6 , the content of noradrenaline in the brain stem is shown. The mean content was 0.375±0.074 ,t g/g wet weight. In Table 7 , the content of noradrenaline in the anterior part of brain stem is shown. The mean content was 0.481--0.098ng/g wet weight. The content of noradrenaline in the posterior part of brain stem is shown in Table 8 . The mean content was 0.305±0.059 ,ug/g wet weight. The mean content of brain noradrenaline of rabbits obtained in this experiment approximately coincides with the results of the experiments by Bertler (19) and Carlsson (20) . The content of noradrenaline in the brain stem coincides with the, result obtained by Shore and Brodie (21) and is somewhat larger than the content of the amine obtained by Carlsson et al. (20) . 
6) Normal content of noradrenaline in the atrium
Matsuo (22) showed that the atria of rabbit contain noradrenaline but not adrena line. The same result was also obtained in this experiment. The contents of nor adrenaline in the atria in five rabbits are shown in Table 9 . The mean con tent was 1.28±0.14 ,ug/g wet weight. This Table 10 . The mean content of adrenaline was 328±85
,ug/g wet weight. The contet of adrena line of adrenal gland, however, showed very large individual variation in amount per gram. So, only in, adrenal gland, the content was shown as the total content of adrenaline in the gland, and the mean con tent was 151 ±41.8 pg/gland.
8) Drug used
The drug used in this experiment was reserpine. Reserpine was dissolved in thee solution of the following composition: 2 mg/ml of phosphoric acid, 50 mg/ml of propylene glycol and 25 mg/ml of dextrose.
For the intravenous injection, the marginal vein of ear was always used. For the intracarotid injection the carotid arteries were exposed after the animal had been fixed on the animal board on supine position. The solution of reserpine was divided into two halves and each half was injected into both arteries and the incision wound was sewed. At an appropriate time after the drug administration, the animal was killed and the test organs were isolated. ,For eaeh test, three animals were at least used. The mean value-of-.the content of -noradrenaline or adrenaline in the tissues was calculated. The intravenous injection of 0.1 mg/kg of reserpine to an intact rab bit decreased the content of norad renaline in the whole brain, brain cortex and brain stem. In the whole brain, the decrease of the level' was already seen at 30 minutes after the administration and developed pro 
gressively in the course of time. The marked decrease of the amine occurred during one hour after reserpine 'administration. At the twelfth hour, there was still a decrease of about 60 % of the normal content of the whole brain ( Fig. 1 and Table 11 ). In Fig.  2 , the effect of intravenous injection of 0.1 mg/kg of' reserpine on the noradrenaline con tent of the brain stein is shown. The decrease of the amine in the brain stem showed almost the same pattern as that in the whole brain. The similar result was also obtained in the brain cortex (Fig. 3) .
The noradrenaline content of the whole brain, brain cortex and brain stem decreased markedly in response to the intravenous injection of 1.0 mg/kg of reserpine. The results are illustrated in Figs. 1, 2 and 3 and Table 12 . The marked decrease occurred within two hours. Thereafter, the decrease of amine developed progressively and the peak effect appeared at the twelfth hour after the drug administration.
Though the animal did not show any marked change of behavior in response to the intravenous injection of 0.1 mg/kg of reserpine within three hours,. the injection of 1.0 mg/kg of reserpine manifested the marked motor sedation, miosi~, ptosis and profuse salivation. ° At the twelfth hour of reserpine action the sedation of :the animal became more manifested. The animal which received 0.1 mg/kg of reserpine showed also a con siderable motor sedation at the twelfth hour. TABLE 13 . Change of catecholamine content of brain, atrium and adrenal gland in rabbit after administration of 0.1 mg/kg of reserpine, given intracarotidally. 1) Noradrenaline (,ug/g), 2) Adrenaline (beg).
2) Intracarotid injection
The content of noradrenaline in the whole brain and brain stem of rabbit which received 0.1 mg/kg of reserpine by the intracarotid injection increased somewhat at the first half hour. The content of the amine in the brain stem increased at half hour and also at one hour. The increase of the amine was about 10 .% of the normal amount. But the content of noradrenaline in the brain cortex did not increase. After the increase of the content of noradrenaline, the content of the amine decreased progressively. .. A sharp decline of the level of the amine occurred between the first and second hour. Thereafter, the decrease of the amine developed very slowly or did not develop further. The results are shown in Table 13 and Figs. 1, 2 and 3 .
The intracarotid injection of 1.0 mg/kg of reserpine depressed the level of noradre naline in the whole brain, brain cortex -and brain stem. As 'was, shown in Table 14 and Figs. 1, 2 and 3,, the decrease of i the amine developed more rapidly than :that in duced by the other procedures oft administrations. At the first hour the decrease 'was about 80 % of . the normal convent. Thereafter, the, decrease of the amine developed more slowly. Among the brain tissues tested, the brain cortex showed the most marked de pletion of noradrenaline in response to the intracarotid injection, of 1.0 mg/kg of reser pine.
The animals which had received 0.1 mg/kg of reserpine by the intracarotid injection showed some signs of motor excitement within two hours when the content of noradre naline in the whole brain and brain cortex showed some increase. At the twelfth hour after the drug administration the animal showed distinctly a motor sedation, but it responded well to the stimuli applied externally. On the other hand, the intracarotid injection of 1.0 mg/kg of reserpine depressed the behaviour of the animal. The depress sion revealed more rapidly than that induced by the intravenous injection of the same dose of reserpine. At the twelfth hour after the drug administration, the sedation caus ed by the intracarotid route of reserpine was hardly distinguishable from that caused by the intravenous route. 
II. Effects of intravenous and intracarotid injections of reserpine on the content of noradrenaline in the atria 1) Intravenous injection
The intravenous injection"of 0.1 mg/kg of reserpine depressed the level of noradre naline in the atria. The decrease of the' amine developed very rapidly between the first half hour and the second hour. At the twelfth hour after the administration, some recovery of the content of the amine was observed. The intravenous injection of 1.0 mg/kg of reserpine also depressed the level of the amine in the atria almost to the same extent. The depression caused by 1.0 mg/kg of reserpine did not significantly differ from the same depression caused by 0.1 mg/kg of reserpine, although some re-increase of the amine of unknown origin was . observed at the, first hour of., reserpine action. The change of the content of the amine, thereafter, was very close to that induced by 0.1 mg/kg of reserpine. The results are shown in Fig. 4 and Tables 11 and 12. 2) Intracarotid injection
The content of noradrenaline in the atria of animals which had re ceived 0.1 mg/kg of reserpine by the intracarotid injection decreased slowly. As was illustrated in Table   13 and Fig. 4 , the decrease of the amine was slow and at the first half hour of reserpine action the de crease was only 8 % of the normal content. Thereafter, the course of the change of the amine did not significantly differ from that induced by other route or larger dose of the drug. The administration of 1.0 mg/kg of reserpine by an intra carotid injection rapidly decreased the content of the amine and the peak effect appeared at the second hour, when the depletion of the amine was about 80 % of the normal content. 
1) Intravenous injection
The intravenous injection of 0.1 mg/kg of reserpine depressed the level of adrenaline in the adrenal gland. This effect was already observed at the first half hour and the depletion of the amine was over 20 % of the nor mal content. Though some re increase of unknown origin was observed at the second hour, the decrease of.the amine at the third, hour was almost the same with that obtained at the first hour.
At the twelfth hour of drug ad ministration some recovery of the amine was observed. The intra= venous injection of 1.0 mg/kg of reserpine also decreased the level of the amine. But 'in this case the decrease of the amine developed progressively with the 'time course. From the first half hour to the third hour after drug administration, the decrease of the amine by this dose did not show any significant, difference from the decrease obtained by 0.1 mg/kg of reserpine. The results are illustrated in Fig. 5 and Tables 11 and 12. 2) Intracarotid injection In response to 0.1 mg/kg of reserpine, the content of amine in the adrenal 'gland decreased within half hour more slowly than the decrease of the. amine induced by the other procedures of administrations. From then, the content of the amine decreased rather rapidly. The peak effect appeared at the third hour' of, the administration. At the twelfth hour of the administration, there was some, recovery. The intracarotid in jection of 1.0 mg/kg of reserpine markedly and progressively depressed the level of. the amine. , The reduction of the content of the amine in the adrenal gland within three hours after the drug administration was the largest among, those obtained by the other procedures of administration. But at the twelfth hour, the, decrease of the amine by the intracarotid injection. was almost the same amount as, that obtained by the intra venous injection of 1.0 mg/kg of reserpine. The results are illustrated in Fig. 5 and Tables "1 3 and. 14,
DISCUSSION
The depletion of adrenaline or noradrenaline in the central nervous system, such as the whole brain, brain cortex and brain stem, and in the peripheral adrenergic organs, such as atrium and adrenal gland by the intravenous or intracarotid injection of reserpine was studied in intact rabbits. This experiment was designed to study some causal relations between the depletions of catecholamine in the central system, and in the peripheral organs.
The intravenous injection of 1.0 mg/kg of reserpine markedly depleted noradrenaline in the brain and atrium, and adrenaline in the adrenal gland, and the course of the depletion of the amine always coincided with that of the characteristic sedation. The decrease of the content of noradrenaline in the whole brain, brain cortex and brain stem was 20 to 30 % of the normal content at the first half hour of the administration, and the peak effect of the decrease was observed at the second or third hour of the administration. At the twelfth hour the content of the amine remained to be almost the same or somewhat decreased. The similar depletion of noradrenaline in the atrium and of adrenaline in the adrenal gland was observed within three hours after reserpine. At the twelfth hour the content of the amine in the atrium somewhat recovered, while in the adrenal gland it further decreased. These effects of 1.0 mg/kg of reserpine did not significantly differ from the results reported by many authors.
The depletion of adrenaline and noradrenaline in the tissues in response 'to the in= travenous injection of 0.1 mg/kg of reserpine was much` less than the same depletion of the amine in response to the same procedure of 1.0 mg/kg' of reserpine. The peak effect of the depletion which was about 50 % of the normal content, was obtained at the second or third hour of the administration. The depletion of noradrenaline in the atria induced by 0.1 mg/kg of the intravenous injection of reserpine was almost the same to that by 1.0 mg/kg of reserpine.. Pletscher et al. (24) , Krayer et al. (25) and Brodie et al. (26) pos tulated that 10,ug/kg of reserpine significantly decreased the noradrenaline. in the heart. In this experiment it was also".,proved that the atria were very sensitive to the catechol amine depleting action of reserpine. At the, twelfth hour of the, administration the content of catecholamine in the brain cortex and adrenal gland showed some sign of recovery, but the contents of the amine in the heart and brain; ,stem still showed mark ed decrease.
Intracarotid injection of 0.1 mg/kg of reserpine revealed an unexpected result, espe y cially in the brain tissues. In the whole brain and"brain stem, there occurred some increase of noradrenalin.e ina°about 5 to 10 % of the normal content at the first half hour of the administration. In the brain cortex, however, the content' of the amine at the first half hour., remained unchanged.
The extract of' noradrenaline by HC1O, in this experiment is supposed to contain both the free -and bound amine in the " tissues.
Increase of noradrenaline should have resulted from the increased synthesis: of the amine, the accumulation of the amine in the tissues by inhibition of . release through the cell membrane or the prevention of the amine from the destruction by iimonoamine (oxidase (because it was reported by Brodie et al. (27) that the brain tissues contain little amount of O-methyl-transferase, but large amount of monoamine oxidase). Itoh (28) showed that the intravenous injection of 15 mg/kg of reserpine to guinea pig activated dopa decarboxylase, dopamine beta-oxidase , and monoamine oxidase in the brain stem. But he did not, show which activation was mainly responsible for the increase of total acid .catechols. in the tissues. Euler • and Lishajko (29) showed that 1 ug/ml of reserpine in hibited the release of noradrenaline from isolated nerve and chromaffine -cell granules in vitro. Shimomura (30) in this laboratory studied the effect of reserpine on the mo noamine oxidase of the heart and brain stem of rabbit and '`suggested that reserpine might have no effect on these monoamine oxidase activity. Therefore, the increase of noradrenaline, which was brought about by the intracarotid "injection of 0.1 mg/kg of reserpine, might have been caused by a ~ direct effect of reserpine, and the mechanism of the effect might have been an inhibition of the release of noradrenaline through the cell membrane and consequent accumulation of the amine in the tissues. The reason why the brain cortex did not show an increase of noradrenaline in response to the in tracarotid injection of reserpine might consist in .the smaller amount of the "normal con tent, and therefore the small increase of the amine might be covered by the individual variation. From the third hour of the intracarotid administration of reserpine, the content of noradrenaline in the brain tissues decreased rapidly. This effect might have been attained by the concentration of reserpine .enough to deplete the amine in these tissues. Euler and Lishajko (29) showed that higher concentration of reserpine showed to have a releasing effect on the catecholamine in the granules. The decrease of norad renaline' in the brain tissues after three hours of the administration was almost as same ,,as -that ' induced by the intravenous injection of 0 .1 mg/kg of reserpine, or somewhat smaller, in the tissues such as brain stem, where large amount of noradrenaline was nor mally present, than that induced by the intravenous injection of 0.1 mg/kg of reserpine.
The changes -of the content of noradrenaline in the peripheral organs need an in tensive speculation. The decrease of noradrenaline in the atria, and of adrenaline in the adrenal gland at the first half hour of the administration was almost none or very small -(about 10 %) ., These results suggest that the accumulation of noradrenaline in the central sites did not bring about a decrease of the content of noradrenaline in the innervated peripheral organs, such as heart and adrenal gland. But coinciding with the reduction of the content of noradrenaline in the central site, the content of the amine in the peri pheral organs also decreased. This result shows that the reduction of the content of e noradrenaline in the central nervous system induces the depletion of the amine : in the peripheral organs. But the mechanism of the effect is obscure. In, this connection, it is Worth to mention that the depletion of noradrenaline or adrenaline in the central or peripheral tissues induced ,by the intracarotid injection of. LO mg/kg of reserpine was ,always stronger than the 'depletion of the amine induced by the intravenous injection ,of the. same dose of reserpine. The depletion of catecholamine is supposed to consist of two mechanisms : the . release of catecholamine by the biochemical effect of reserpine and by the depletion of central catecholamine in some autonomic adrenergic centers. If this assumption is allowed to be, the, intracarotid injection of reserpine should induce a stronger depletion of catecholamine in peripheral organs originating from the depletion of central catecholamine than the intravenous, injection. -, Higuchi et al. (31) studied the effects of intravenous' methamphetamine and cocaine on the content of ncradrenaline or adrenaline in the central nervous system 'and ' peripheral organs of rabbit. They obtained the results that these drugs depleted not only the central noradrenaline but also 'peripheral amine. However , there remains the question whether the depletion of cen tral noradrenaline by the drug is the cause or the result of the central excitement., Shi mamoto and Torii (16) showed that the intracarotid injection , of 0.1 mg/kg of reserpine to rabbit induced a slight sign of. central excitement in the . period when.,the central noradrenaline proved to , be increased in this experiment.
SUMMARY
The effects of reserpine on the contents in catecholamine in brain and peripheral organs, such as heart and adrenal gland in rabbit were studied in connection with the behavioral effects.
1. Intravenous injection of 1.0 mg/kg of reserpine decreased the brain and peripheral catecholamine "and the course of depletion of the amine coincided with that of the cha racteristic sedation induced by reserpine.
2. Intravenous injection of 0.1 mg/kg of reserpirie considerably depleted the content of tissue amine. The reduction of the amine, however, was much less than that of intravenous injection of 1.0 mg/kg of reserpine. But the depletion of the amine in the atria.iy 0.1 mg/kK, of reserpine was, almost same, as that by ;1.0 mg/kg. 3. Intracarotid injection of Q.1 mg/kg of reserpine slightly increased or did not mo dify the content of the amine in the whole brain and brain stemlat the first half hour of the administration. At this period, rabbits' showed a slight sign of central excitement. Thereafter, the content of the amine decreased ~ almost the same extent or somewhat stronger than in the case of the intravenous injection of the same dose of reserpine.
4. Intracarotid injection of 1.0 mg/kg of reserpirre depleted much markedly the content of the amine of brain and. peripheral organs than the decrease of the amine by the intravenous administration of the same dose.
